>707379 


rttornoi  o»  wuimi  row  mum 
m  k  nownitmiwi  row enrol  w$* 


••*•%*•*  *•"* 

%0+m  *****  *****  ***** 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


«  A  TVOAlTtlRAfltt 


Army  Project  Number 
2(3024701  A723 


ruMcnoiTAsi 


Sim  «llf  A*  M  OVlfON 

mm *t+4mt  CW 


XHAVtOR  ANO  SYSTtVC  RESURCH  LA90AAT0AV 

Office  Chief  of  Research  end  Development 
Deportment  of  the  Army 

Room  239,  The  Conimonweolth  Building 
1320  Wilson  Boulevard.  Arlington.  Virginia  22209 


February  1970 


Tactical  Operations  Systems  c-12 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 


fotiwoao 


Oe  ef  He  TACTICAL  OHAATlONS  StSTBIS  TOSi  m  Unit  it  ID  pro 

v*de  fMWdi  *mm mien  by  decision  mating  a«S  information  assimilation  from 
»»iin  me*  b»  facilitated  Hit  present  study  dealt  midi  ctrtam  ttpteit  of  perception 
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Procedure 

Sequences  of  events  representing  eight  patterns  (form),  high  and  lorn  pattern 
strength.  continuous  vs  discrete  oocurronco.  and  osportonco  from  on#  to  ton  100- trial 
periods  mors  presented  on  a  CUT  screen  in  systems  tic  design  10  41  enlisted  men.  Tho 
enlisted  men  indicated  which  of  two  enemy  activities  i attack  or  rest)  was  likely  to 
follow  each  two-event  clue.  Results  in  the  form  of  prediction  of  the  most  frequently 
occurring  third  event  in  a  sequence  and  confidence  (high  or  low)  expressed  in  the 
decision  wore  subjected  to  analysis  of  variance. 


Findings: 

Given  a  pattern  of  events  occurring  with  sufficient  frequency  (80%  of  the  time)  end 
sufficient  experience  with  the  patterns  on  the  part  of  the  decision  maker,  the  men 
learned  to  predict  the  third  event  in  a  sequence  as  often  as  it  occurred.  However,  when 
the  pattern  occurred  less  frequently  (68%  of  the  time) .  the  men  recognized  only  one  of 
four  critical  patterns. 

Subjects'  confidence  in  their  predictions  increased  as  their  experience  with  the 
task  increased.  Confidence  was  affected  by  pattern  form,in  that  subjeete'  confidence  in 
their  predictions  for  one  of  the  eight  forms  (rest,  rest,  attach)  wes  aignifieantiy  leee 
than  fer  the  elhore.  Confidence  was  not  affected  by  pattern  strength  nor  continuity. 


Application  of  Findings: 

'  Activity  patterns  of  an  enemy  may  be  the  most  tangible  cues  to  his  plans,  and 
recognition  of  these  patterns  may  be  critical  to  successful  military  operations.  The 
present  experiment  has  set  tentative  limits  on  the  event  patterns  men  can  learn  to 
recognize  to  a  useful  extent.  A  computer  may  be  a  useful  aid  in  detecting  weak  but 
significant  patterns  in  an  apparently  random  set  of  enemy  actions. 
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future  automat*)  1»«  proctmng  sy a tarns  proa!**  t«pr  *vad  accuracy, 
tvN»pl«t«n*si,  an  spa*4  ©f  information  processing.  These  ima*a  M) 
also  M  UMDla  »  t  liaKe;  lata  evaluation  fur  dauieaon  Making.  Such  a 
•vat an  has  'Mtan  proposed  by  Eduards  (1).  In  the  automated  system,  aach 
new  ill*  of  information  ta  avaiuatad  and  entered  into  a  probabilistic 
Information  nroteaaing  ayatea  which  uedataa  the  current  diagnosis  on  the 
haaia  of  the  new  information.  Since  system  inputa  originate  fro*  aany 
men,  a  urcea  and  locations,  each  item  ia  likely  to  be  evaluated  inde¬ 
pendently  aa  it  entera  the  ayatea).  frequently,  however,  the  interrela- 
tinnshipa  of  ltena  of  inf  oration  nay  add  diagnostic  value  beyond  that 
obtained  by  aeparate  and  successive  evaluationa  of  Individual  itema. 

For  exempts,  conaider  two  itema,  an  Intelligence  report  of  a  naaalve 
increase  in  the  number  of  eneny  troopa  part ici pat ing  in  nilitary  exer- 
ciaea,  and  domestic  newa  of  the  aaaaaaination  of  a  preaident. 

Each  of  these  eventa  may  have  one  meaning  if  they  occur  aeparately. 
Their  joint  occurrence  may  be  a  stron  indicator  of  enemy  aggreaaion. 
Since  the  two  eventa  have  been  reported  from  different  sources,  they  My 
be  evaluated  aeparately  by  an  automated  information  processing  system. 
The  eonmander,  however,  may  well  Interpret  the  Joint  occurrence  of  these 
events  aa  a  pattern  leading  toward  aggression.  He  may  "perceive"  a 
threat  and  conclude  that  the  enemy  is  about  to  attack. 

Needless  to  yay,  this  ability  requires  experience  in  observing  the 
activities  of  the  particular  enemy  under  consideration.  As  a  commander 
or  decision  rocker  gains  this  experience,  he  renders  more  accurate  judg¬ 
ments  concerning  present  and  future  enemy  activities.  In  a  more  analyt¬ 
ical  manner  of  speaking,  he  is  learning  which  aspects  of  the  enemy's 
activities  are  relevant  cues  in  predicting  future  enemy  events  and  which 
are  not.  By  learning  which  cues  are  associated  with  which  outcomes,  the 
commander  Is  learning  the  enemy  activity  patterns. 

A  well-known  probability  learning  paradigm,  which  has  served  as  a 
useful  vehicle  for  investigating  many  facets  of  human  learning,  requires 
the  subject  to  predict  in  a  series  of  trials  which  of  two  light s  will 
come  on.  While  his  first  prediction  can  be  little  more  than  a  gue  s, 
succeeding  choices  can  benefit  from  knowledge  acquired  through  observa¬ 
tion  of  earlier  outcomes.  Thus,  his  second  prediction  is  made  in  light 
of  what  happened  on  the  first,  his  third  in  light  of  the  first  two,  and 
so  on.  The  second  and  subsequent  predictions,  then,  may  reflect  his 
perception  of  one  or  more  cues  which  are  present  within  the  experimental 
environment.  A  cue  may  be  defined  as  any  stimulus  or  set  of  stimuli 
which  is  correlated  with  the  occurrence  of  an  event  (e.g.,  one  of  tht 
lights).  Thus,  any  cue  afford  the  subject  the  opportunity  to  improve 
his  prediction  accuracy. 


Th*  present  Investigation  concerns  the  learning  of  event  structure, 
that  le,  the  orderly  occurrence  of  eventa  within  the  envlrorasent,  and 
the  cuea  the  atructure  afforda.  A  ware  Inal  cue  la  an  event  In  a  aerlea 
of  eventa  which  occura  more  frequently  than  any  other  event  In  that 
aerlea.  A  first-order  cue  la  an  event  whoae  occurrence  algnala  what  the 
next  event  will  be.  For  example,  the  alght  of  a  lightning  flaah  la  a 
cue  which  algnala  the  aound  of  thunder.  A  second-order  cue  la  a  pair  of 
eventa  whoae  occurrence  algnala  the  event  which  la  to  follow.  In  bese- 
ball,  If  the  flrat  two  pitchea  to  a  batter  are  atrlkea,  the  next  pitch 
la  uaually  a  ball .  ~ 

Of  courae,  the  cuea  obaerved  In  nature  and  man  are  not  alwaya  reli¬ 
able.  The  aound  of  thunder  from  diatant  lightning  flaahea  la  not  alwaya 
heard.  A  ball  doea  not  alwaya  follow  two  atrlkea.  However,  as  long  aa 
aound  follows  lightning  more  often  than  alienee  follows,  and  as  long  as 
a  ball  follows  two  strikes  more  often  than  a  third  strike,  the  cues  are 
valid. 

Prevloua  probability  learning  experiments  have  investigated  man's 
ability  to  respond  to  various  classes  of  cues  (marginal,  first-order, 
second-order)  of  varying  strength.  The  results  of  these  studies  show 
that  subjects  are  capable  of  learning  marginal  cues,  as  evidenced  by  the 
fact  that  their  response  frequencies  generally  match  the  relative  fre¬ 
quency  of  the  respective  events  over  trials.  For  a  review,  see  Luce  and 
Suppes  (2).  Subjects  also  match  or  exceed  matching  (overshoot)  events 
signaled  by  first-order  cues  (3)  (4)  (5)  (6).  There  has  been  little 
research  concerning  second-order  cue  learning  and  the  findings  are  not 
straightforward.  Data  from  Bennett,  Fitts,  and  Noble  (7)  suggest  that 
in  a  five-event  environment  (the  occurrence  of  one  of  five  lights), 
subjects  are  unable  to  learn  second-order  cues.  In  a  two-event  environ¬ 
ment  (the  occurrence  of  a  left  or  right  light,  L  or  R) ,  Strub  and 
Erickson  (8)  found  that  subjects  did  learn  certain  highly  structured 
second-order  cues.  Subjects  tended  to  match  their  response  frequencies 
to  all  second-order  events  when  conditional  probability  was  set  at  .92 
(a  value  indicating  the  probability  of  the  occurrence  of  an  event,  given 
the  occurrence  of  the  two  preceding  events).  When  it  was  set  at  only 
.72,  however,  subjects  seemed  to  take  the  specific  form  of  each  second- 
order  event  pattern  into  account.  The  four  more  frequent  patterns  were 
obtained  by  combining  all  possible  second-order  cues  (L-R  pairs)  with  an 
L  or  R  third  event  as  follows:  LLL,  RLR,  LRR,  and  RRL.  At  the  .72 
level,  subjects  overshot  LLL,  matched  RLR  and  LRR,  but  did  not  learn 
RRL  at  all. 

In  a  frontless  war  such  as  that  being  fought  in  Vietnam,  the 
activity  patterns  of  a  local  enemy  may  be  the  most  important  clues  to 
his  position  and  intention.  Therefore,  the  timely  recognition  of  these 
patterns  can  be  critical  to  successful  military  operations. 
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OBJECTIVES  OF  THE  PRESENT  STUDY 


Sine*  very  little  le  known  concerning  military  pattern  perception, 
research  at  a  relatively  basic  level  la  needed  to  answer  some  fundamental 
questions.  The  present  study  addressed  Itself  to  the  following  questions: 
first,  does  the  form  of  the  pattern  affect  the  subject's  perception  of  it? 
For  example,  if  an  enemy  pursues  a  course  of  repeated  attacks  after  rest¬ 
ing  two  day*  f where  each  day's  activity,  rest  or  attack,  constitutes  an 
event),  a  second-order  pattern  of  the  form  rest-rest-attack  would  be  ex¬ 
hibited.  Is  this  form  any  more  or  less  difficult  to  recognize  than  other 
forms  such  as  attack-attack-attack,  attack-rest-rest,  or  rest-attack-rest? 
A  second  question  concerned  the  range  of  pattern  strength  vlthln  which 
patterns  are  recognized .  Assuming  subjects  can  recognize  second-order 
patterns  of  92#  strength  (8),  can  they  also  recognize  them  at  80jt,  are 
any  patterns  recognizable  at  6fc$?  Third,  does  continuity  affect  second- 
order  pattern  learning?  Is  it  more  difficult  to  discover  second-order 
patterns  in  a  continuous  flow  of  events  than  in  discrete  second-order 
pattern  units?  Fourth,  to  what  extent  does  experience,  the  repeated  ex¬ 
posure  to  the  patterns,  enable  the  subject  to  perceive  the  relevant 
second-order  patterns?  Finally,  does  the  answer  to  any  ona  of  the  above 
question  depend  on  the  answer  to  another,  that  is,  are  there  significant 
interactions  among  the  independent  variables  under  investigation  in  the 
present  study? 

In  summary,  the  objectives  of  the  present  study  were  as  follows: 

1.  To  determine  the  effect  of  different  forms  of  second-order 
patterns  on  pattern  recognition. 

2.  To  determine-:  the  effect  of  second-order  pattern  strength  on 
second-order  pattern  recognition. 

3.  To  determine  if  continuity  affects  second-order  pattern 
recognition. 

4.  To  determine  the  effect  of  experience,  i.e.,  the  extent  to  which 
second-order  pattern  learning  occurs  over  periods  within  the  experiment. 

3.  To  assess  any  interactions  among  two  or  more  of  the  above  vari¬ 
ables  (form,  strength,  continuity,  and  experience). 


METHOD 


Subjects 

Forty-eight  enlisted  men  from  Ft.  Eelvoir,  Virginia  served  as  sub¬ 
jects.  All  had  GT  scores  of  110  or  above.  Many  had  served  one  year  in 
Vietnam.  Average  length  of  service  was  estimated  to  be  13  montns. 


-  3  - 


Apparatus  and  Stimuli 


Six  cathode  ray  tubes  (CRT's^  were  used  in  the  present  study.  Each 
CRT  consisted  of  a  vertically  mounted  televise  on-like  screen  on  which 
stimulus  material  was  displayed  and  a  horizontally  mounted  typewriter 
keyboard  at  the  base  of  the  screen  on  which  the  subject  typed  his  re¬ 
sponses.  Each  CRT  screen  was  positioned  at  eye  level.  The  CRT  was 
linked  to  a  computer  which  was  programmed  to  generate  separate  event 
schedules  for  each  subject  prior  to  each  session  and  to  coordinate  the 
simultaneous  use  by  six  subjects. 

Event  sequences  were  prepared  as  follows.  The  computer  selected 
events  without  replacement  from  a  100-event  population  in  order  to  insure 
that  the  exact  probability  specifications  were  realized  after  every  100 
event3.  The  specific  order  of  the  stimulus  events  for  each  subject  was 
determined  randomly  at  the  start  of  each  experimental  session.  Thus, 
while  event  sequences  for  subjects  in  each  group  contained  the  same  con¬ 
ditional  probabilities,  the  exact  ordering  of  events  from  alternative  to 
alternative  was  different  for  each  subject. 


Procedure 

Six  subjects  worked  individually  during  each  experimental  session. 
Prior  to  the  first  session,  they  were  briefed  concerning  the  general 
nature  of  the  experiment  decision  making  .  They  were  also  told  not  to 
disci  ss  the  experiment  among  themselves  until  its  conclusion.  Each  man 
was  then  assigned  a  CRT  and  each  received  the  following  Instructions  on 
his  screen 

This  is  an  experiment  In  basic  military  decision  making. 

Your  task  will  be  to  decide  which  of  two  activities  will 
occur,  tha»  is,  to  predict  whether  enemy  X  is  going  to 
1)  attack  or  fT)  rest  You  indicate  your  decision  by 
pressing  a  1  or  ?  on  your  keyboard  and  then  pressing  the 
"send**  button.  Xext  you  will  Indicate  your  confidence  by 
pressing  and  "sending"  1  If  you  (hirk  you  have  better 
than  a  'i  •'<  chance  of  being  correct,  or  ?  If  your  deci¬ 
sion  was,  guile  frankly,  a  guess.  Rest,  you  wilt  be  in¬ 
formed  as  to  which  of  the  two  activit Its  did,  in  fact, 
occur.  The  nest  push  of  the  "send"  button  will  start  a 
new  decision  situation,  follow  this  sene  procedure  for 
the  second  and  subsequent  decisions, 

less  ••»*•>?  in  two  esperinental  sessions,  morning  and  after- 

sms.  fe«s  sessile  »  nsisied  of  five  I  -choice  periods  with  a  I  -minute 
keens  wiueon  per  i  n*  mainly  to  relieve  eye  strain  produced  by  the  con¬ 
tinuous  .mi*  «f  the  display.  Each  sc  eject  worked  at  his  own  pa  e  and 
sep<  trsifc  #•  si#  bress  time,  The  awra tec  session  e* tended  frv» 
appcoklmately  s  te  l'4  ,  the  sfterwea  session  from  lVf>  te  1**  At 

the  conclusion  ef  tie  experiment,  subjects  wet#  debriefed  concerning  the 
purpose  ef  the  esperiment  In  which  t**ey  had  NrtUip*ied„ 


Independent  Variables 

Form.  The  first  independent  variable  was  the  form  of  the  second- 
order  pattern.  Table  1  illustrates  the  eight  possible  second-order 
pattern  forms.  Event  sequences  were  constructed  such  that  the  forms 
AAA,  RAR,  ARR,  and  RRA  occurred  more  frequently  than  AAR,  RAA,  ARA,  and 
RRR  (A  *  attack;  R  *  rest). 

Strength.  The  second  independent  variable  was  the  strength  ( fre¬ 
quency  of  occurrence)  of  the  second-order  pattern.  Two  strengths  were 
employed,  .68  and  .80 .  These  percentages  represent  the  second-order  con¬ 
ditional  probability  of  occurrence  of  the  second-order  patterns.  [Under 
high  strength,  given  that  the  last  two  events  were  A,  a  third  A  would 
follow  20  of  2®)  times  (80$),  while  R  would  follow  5  of  25  times  (20%). 
Thus,  the  second-order  conditional  probability  of  AAA  and  AAR  was  .60 
and  .20,  respectively.]  Table  1  indicates  the  structure  of  the  second- 
order  patterns  in  terms  of  both  frequency  of  occurrence  snd  conditional 
probability  for  high  and  low  strength. 


Table  1 

FREQUENCY  AND  CONDITIONAL  PROHAM  LI TY  STRUCTURE 
FOR  EACH  100-TRIAL  EVENT  SEQUENCE 


Continuity.  The  third  Independent  variable  was  the  amount  of  day-to- 
day  continuity.  For  the  continuous  case,  events  occurred  consecutively 
over  100  days;  thus,  the  event  which  was  displayed  as  having  occurred 
yesterday  was  the  correct  event  on  the  preceding  trial.  In  the  discrete 
case,  reports  of  the  previous  day's  activities  did  not  follow  a  temporal 
order  beyond  three  days;  the  subject  was  simply  shown  the  reports  for  the 
past  two  days  and  requested  to  choose  thfe  next  event.  A  fresh  set  of 
reports  for  the  past  two  days  was  then  presented. 

Experience.  The  fourth  independent  variable  was  experience,  which 
consisted  of  ten  100-trial  periods. 


Dependent  Venables 

1.  Prediction- -The  proportion  of  ti*aes  the  subject  chose  the  nor# 
frequently  occurring  patterns.  If  e  end  r  ere  choices,  the  choice  score 
equals  AAa  +  RAr  +  AAr  +  RRa/lQO. 

?.  Confidence- -The  proportion  of  times  the  subject  indicated  high 
as  opposed  to  low  confidence.  If  "h"  is  high  confidence,  the  confidence 
score  equals  AAr;  +  RAh  +  ARn  *  RRh/100. 


Design 

Table  ?  Illustrates  tire  experimental  design.  Pattern  strength  and 
pattern  continuity,  the  tv  variables  administered  et  two  levels,  were 
between- subject  variables  with  1?  subjects  within  each  of  the  four  re¬ 
sulting  experimental  gropa.  Psttero  form  aw*  experience  mere  within- 
subjert  variables,  esch  subject  receiving  elt  four  pattern  tvpes  and 
serving  In  all  ten  pert  Vs. 


KRAIS 

nnoesns*  Osm 

An  enstysi*  ef  variance  em  m  predict  I  data  vss  toff  rum#  *mt  a 
«cm«rv  of  thst  ansiysls  appear*  In  fable  *.  tdblle  algnifleamt  eaia 
effects  of  fern,  strength,  cemtiamlty,  eM  e»f«*le«Ne  provide  Informs*!** 
relevant  t»  the  first  f  «»  objective*  of  the  stvdy,  the  infilreflem*  af 
earh  of  theso  effect*  are  United  becav**  each  |«feracte4  aignifiraat !y 
with  at  fesit  me  timer  effect,  lb  v,  l»«  fifth  objective  of  aiMtMln* 
interaction*  am  mg  tie  variable*  «x**t  be  <r*n*idtfeif  Inp*  riant  fa  view  af 
the  «igmifire*i  iRierattien*  fm  the  ***  c* |*  then  in  Table  ). 
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Table  3 

ANALYSIS  Of  VARIANCE  SUM1ARY  TABLE  ON  PREDICTION  DATA 


Source 

df 

MS 

F 

P 

between  Sublet* 

<«7^ 

Strength  (S) 

1 

fl044.?l8 

34.13 

.TX 

Continuity  fCl 

1 

?4f .408 

4.02 

.03 

s  ■  c 

1 

470.0  V 

1.90 

Sev'SC 

44 

233.C72 

Within  Subjects 

(1*7?1 

for*  (f) 

3 

VX)8.420 

10.03 

.001 

r  *  s 

3 

038.400 

l.fie 

r  *  c 

3 

1313.61? 

*•38 

.01 

t  *  s  «  c 

5 

m.&oo 

2.4? 

.10 

r  *  f tv/*c 

13? 

Wo.ofts 

Pipe  ri  etna  fei 

? 

1*6. ?0f 

12.79 

.001 

III 

o 

«.!  57 

€.U 

.Tl 

c  ■  c 

9 

4.033 

tit  iC 

9 

?3.711 

1.43 

.10 

t  «  |IV/K 

U.JV 

Fit 

n 

4?. 1*7 

J.04 

.001 

f  *  f  *  f 

?? 

1.48 

.10 

r  ft  k  «  c 

n 

H.hi? 

FitiliC 

71 

13.4*1 

1.1? 

f  ft  I  »  |  t*  H 

urn 

13.M* 

To  fitllltm  interpretation  of  the  iipyriMtr 

a  itimitk  inter* 

•ttlM  #p  <  .Tl),  ««M 

prediction  Karri  for  nil  pattern  fir**  acre** 
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rtion  of  Production*  of  Strong  Pottorn 


The  form  x  continuity  Interaction  of  Table  3  (p  <  .01)  is  plotted 
in  Figure  3*'  Note  that  the  means  for  groups  presented  the  continuous 
sequences  were  above  those  of  the  other  groups  for  all  patterns  except 
rest-rest-attack  whose  prediction  was  less  frequent  in  the  continuous 
groups.  A  further  Isolation  of  the  rest-rest-attack  pattern  is  shown  in 
Figure  4  which  traces  the  patterns  across  levels  of  continuity  as  a 
function  of  pattern  strength.  Here,  it  is  apparent  that  the  decrement 
in  predicting  the  rest-rest-attack  pattern  occurred  only  at  low  strength, 
although  the  form  x  strength  x  continuity  interaction  was  not  significant 

( p  <  .08) . 

In  summary,  while  form,  strength,  continuity,  and  experience  all  had 
significant  effects  on  the  proportion  of  predictions  of  the  stronger  pat¬ 
tern,  each  of  these  effects  was  Involved  in  one  or  more  Interactions. 

The  form  x  experience  interaction  is  Interpreted  as  a  tendency  for  attack- 
attack-attac k  to  be  recognized  better  than  any  other  pattern  across  the 
ten  100-trial  periods  of  the  experiment.  The  strength  x  experience  inter¬ 
action  is  interpreted  as  a  tendency  for  all  patterns  to  be  better  learned 
in  the  high  than  in  the  low  strength  conditions  across  periods.  Finally, 
the  continuity  x  form  interaction  is  interpreted  as  due  to  the  tendency 
for  three  of  the  four  second-order  patterns  to  be  better  recognized  in 
the  continuous  than  in  the  discrete  sequence,  while  the  fourth  pattern, 
rest-rest-attack,  was  better  recognized  in  the  discrete  sequence. 


Confidence  Oats 

The  dependent  variable  used  to  estimate  confidence  was  the  propor¬ 
tion  of  time  the  subject  indicated  a  high  rather  than  a  low  confidence. 
Table  4  is  a  summary  of  the  results  of  an  analysis  of  variance  performed 
on  these  data.  The  analysis  did  not  yield  as  many  significant  effects 
as  the  analysis  of  prediction  data,  but  the  significant  effects  which 
resulted  complement  those  of  the  analysis  of  predictions. 

Neither  the  main  effect  of  strength  nor  that  of  continuity  was 
significant,  indicating  that  confidence  in  the  correctness  of  choice  was 
not  affected  by  pattern  strength  or  continuity.  As  indicated  by  the 
significant  effect  of  experience  'p<  .001),  confidence  increased  across 
periods.  This  finding  is  not  surprising,  since  subjects  displayed  in¬ 
creased  skill  in  pattern  prediction  across  periods. 

The  main  effect  of  form  p  <  .  1)  agrees  with  the  prediction 

analysis  in  that  degree  of  confidence  expressed  by  subjects  reflected 
the  same  ordinal  relationship  as  pattern  predictions.  This  relationship 
may  be  observed  in  Table  which  presents  data  combined  across  periods, 
strengths  and  continuity  levels  The  conclusion  drawn  from  these  data 
is  that  subjects  experienced  varying  amounts  of  difficulty  in  mastering 
each  pattern  form. 
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Proportion  of  Prediction*  of  Stronger  Pottern 


Proportion  of  Predictions  of  Stronger  Pattern 


A  AAA  ■  RAR 
•  ARR  X  RRA 

_  High  Strength 

- Low  Strength 


Figaro 4  P'oportion  of  predictions  of  stronger  second  order  patterns  for 

continuous  vs  discrete  presentation  and  for  each  pattern  strength 
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Table  4 


ANALYSIS  OF  VARIANCE  SUMMARY  TABLE  ON  CONFIDENCE  DATA 


Source 

df 

MS 

F 

P 

Between  Subjects 

(47) 

Strength  (S) 

1 

117.513 

Continuity  (C) 

1 

555.775 

S  x  C 

1 

22.750 

Ssw/SC 

44 

1116 .791 

Within  Subjects 

(1872) 

Form  (F) 

3 

814.124 

7.72 

.001 

F  x  S 

3 

251.178 

2.19 

.10 

F  x  C 

3 

258.904 

2.46 

.10 

F  x  S  x  C 

3 

68.935 

F  x  Sbv/SC 

132 

105.401 

Experience  (E) 

9 

185.964 

6.40 

.001 

E  x  S 

9 

12 .919 

E  x  C 

9 

19.309 

E  x  S  x  C 

9 

26.205 

E  x  Ssw/SC 

396 

29.070 

F  x  E 

27 

9-163 

1.00 

F  x  E  x  S 

27 

10.596 

1.16 

F  x  E  x  C 

27 

9.458 

1.05 

F  x  E  x  S  x  C 

27 

7.807 

F  x  E  x  Ssw/SC 

1188 

9.156 

Table  5 


COMPARISON  OF  AVERAGE 

PREDICTION  AND 

CONFIDENCE 

FOR  EACH 

PATTERN  FORM 

Pattern  Form 

AAA 

ARR 

RAR 

RRA 

Prediction 

79* 

52* 

58* 

69* 

High  Confidence 

73*  . 

61* 

64* 

68* 
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CONCLUSIONS 


The  present  study  provides  some  insights  into  the  ability  of  deci¬ 
sion  makers  to  perceive  patterns  in  a  series  of  events.  A  very  simple 
pattern  such  as  repetition  of  the  same  event  is  easily  recognized  at  high 
and  low  frequencies  of  occurrence.  More  complex  patterns  require  a  fre¬ 
quency  of  occurrence  greater  than  68$  before  they  will  be  perceived. 
Finally,  pattern  recognition  depends  a  great  deal  on  the  amount  of  con¬ 
tinuity  in  the  event  sequence.  Patterns  are  better  recognized  when  they 
occur  continuously  over  time  than  when  they  occur  in  discrete  units. 


IMPLICATIONS  OF  FINDINGS 

Two  implications  derive  from  the  present  study:  Man  is  capable  of 
learning  second-order  military  event  patterns  when  they  occur  with  a  fre¬ 
quency  of  80$  or  higher.  Subjects  exposed  to  the  high  strength  patterns 
initially  predicted  their  occurrence  only  60$  of  the  time  (Figure  1),  but 
by  the  conclusion  of  the  experiment  were  predicting  the  second-order  pat¬ 
terns  as  frequently  as  they  were  occurring,  fio $.  Thus,  if  the  event  pat¬ 
terns  are  of  this  strength,  complex  automated  systems  are  likely  to  add 
little  to  performance  in  terms  of  pattern  recognition.  This  implication 
was  also  drawn  by  Howell  (9).  On  the  basis  of  the  results  of  several 
conn  nd  ind  control  system  simulation  experiments,  Howell  stated  that 
systems  which  habitually  handle  predictive  data  of  high  strength  have 
little  to  gain  from  automating  the  decision  process. 

In  situations  in  which  the  patterns  are  of  low  strength,  however, 
computer  aids  would  be  quite  helpful.  The  present  findings  indicate 
that  persons  are  unable  to  recognize  three  of  four  patterns  occurring  at 
66$  strength.  Only  one  pattern,  attack-attack-attack,  was  recognized  at 
this  strength  level.  Thus,  subjects  were  not  able  to  take  advantage  of 
a  considerable  amount  of  predictability  present  in  the  tvent  sequence. 

It  may  well  be  that  many  enemy  activity  patterns  would  occur  at  a  low 
strength  level  to  capitalize  on  man's  difficulty  in  recognizing  weak 
patterns.  Computers  could  be  programmed  to  perform  many  complicated 
statistical  analyses  on  enemy  events  and  to  detect  weak  but  significant, 
patterns  in  an  apparently  random  set  of  enemy  actions. 
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Aa  part  of  tht  continuing  effort  to  provide  research  Informatics  which  all l 
facilitate  maximum  operations  effect iveness  within  co— and  inforaation  processing  sys* 
tens,  the  TACTICAL  OPERATIONS  SYSTEM  (TO*)  Work  Unit  undertook  a  study  of  perception  of 
■littary  event  patterns.  The  focus  of  the  study  was  the  recognition  of  conplex  cues  to 
eneny  action.  Objectives  of  the  Investigation,  reported  In  the  preeent  publication,  were 
to  detensine  the  role  cf  1)  different  foms  of  second-order  patterns,  2)  second-order 
pattern  strength,  J)  continuity,  and  4)  experience  as  factors  in  the  recognition  of 
second-order  patterns.  In  the  experlawnt,  48  enlisted  nan  viewed  sequences  of  military 
events  representing  eight  patterns  (fora),  high  and  low  pattern  strength,  continuous  vs 
discrete  occurrence,  and  experience  (frosi  one  to  ten  100-trlal  periods)  presented  in 
systemtlc  design  on  CRT  screens,  The  subjects  participated  in  two  experimental  sessions, 
each  consisting  of  five  100-trial  periods  with  10-minute  interval  breaks*  Each  man 
worked  individually  and  was  self-paced.  The  »en  indicated  which  of  two  eneaqr  activities, 
A(ttack)  or  R(est),  was  likely  to  follow  each  two  previous  events.  They  also  responded  to 
indicate  confidence  in  their  decisions*  Findings  showed  that  given  event  patterns  occur¬ 
ring  with  high  frequency  (8o£  of  the  time),  the  decision  maker  learned  to  predict  the 
third  sequential  event  as  often  as  it  occurred.  However,  under  conditions  of  less  fre¬ 
quent  pattern  occurrence  (6 or  less  of  the  time),  pattern  recognition  did  not  occur: 
Only  one  second-order  pattern  was  predicted  as  often  as  it  appeared.  Confidence  in  pre¬ 
dicted  decisions  was  affected  by  Increase  in  experience  and  pattern  fora  but  not  by  pat* 
tern  strength  nor  continuity.  It  appears  from  the  present  findings  that  tentative  lisilts 
are  set  on  second-order  military  pattern  recognition.  Men  can  perceive  strong  second-order 
patterns.  Computer  aids  would  be  quite-  helpful,  however,  in  situations  where  military  event 
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